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ABSTRACT

Rotary closed Rankine cycle engine powered electric
generating apparatus including a rotary boiler, power
fluid expander and means for condensing the exhaust
vapor from the expander. The power fluid expander is
rotatably driven at a predetermined speed by pressure
fluid generated in the boiler and in turn drives an al-
ternator that is hermetically sealed 1n a casing rotat-
able with the boiler and condensing means as a unit.
The alternator is rotatably mounted in gas bearings
and a portion of the power fluid condensed in said
condensing means 1s utilized to cool the alternator and
to provide power fluid vapor at a constant low pres-
sure which is supplied to the gas bearings to lubricate
said bearings. In the disclosed embodiments a magnet-
ic-harmonic drive between the alternator and the ro-
tary engine rotatably drives the latter at a predeter-
mined speed substantially slower than the speed of the
expander and alternator. In one disclosed embodiment
separate primary and secondary condensers are em-
ployed for the exhaust vapor condensing means, and
in another disclosed embodiment a single condenser is
employed.

[57]

28 Claims, 12 Drawing Figures
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1

ROTARY RANKINE ENGINE POWERED
ELECTRIC GENERATING APPARATUS

This invention relates to new and useful improve-
ments in rotary engine powered electric generating
apparatus, and more particularly to closed Rankine
cycle engine powered apparatus utilizing gas lubricated
bearings for the alternator and having means to supply
low pressure gas to the bearings to lubricate said bear-
Ings. |

Rotary Rankine engines using a high molecular
weight power fluid, a single stage turbine expander, and
a rotary boiler and condenser are potentially simple,
quiet and low in pollution. One method of extracting
power from such engines is by the use of an alternator
hermetically sealed in the rotary engine casing with the
alternator windings attached to the engine casing and
the armature driven directly by the turbine, for exam-
ple, as in U.S. Pat. No. 3,863,454 issued Feb. 4. 1975.
While this arrangement eliminates shaft seals and gear-
ing and is quiet and simple with only two moving parts,
it does present certain problems. For example, means
must be provided for rotatably driving the engine with
the boiler and associated condenser and suitable bear-
ings and a bearing lubrication system are required for
the high speed turbine/alternator armature shaft which
1s hermetically sealed inside the engine housing. Also,
with rotating condensers that are self-pumping, the
means for rotatably driving the engine must supply the
necessary air-pumping power to the condenser.

One arrangement for rotatably driving such an en-
gine with the boiler and associated condenser is by
mechanical transmission means, such as a fixed-ratio
gear train, between the turbine and the engine housing,
for example, as shown and described in U.S. Pat. No.
3,769,796 issued Nov. 6, 1973. However, such a trans-
mission requires bearings and a suitable liquid lubrica-
tion system must be provided therefor such as, for
example, disclosed in U.S. Pat. No. 3,744,246, issued
July 10, 1973. Also, in a closed Rankine cycle engine
mcorporating a liquid lubrication system there is some
migration of the engine power fluid into the lubricant.

With the foregoing in mind, a primary object of the
present invention is to provide a rotary Rankine cycle
engine with internal turbine driven alternator having
high speed gas bearings for the turbine and alternator
and means for supplying a portion of the engine power
fluid vapor at a constant low pressure to said high-
speed gas bearings to lubricate the same.

Another important object of the invention is to pro-
vide a rotary Rankine cycle engine having an internal
turbine driven alternator as described that does not
require a mechanical gear drive from the turbine to the
engine housing or a liquid lubrication system.

Another object of the invention is to provide a rotary
Rankine cycle engine with turbine driven alternator as
described wherein a portion of the engine power fluid is
supplied to the high speed gas bearings to lubricate
same with a constant low pressure vapor that is inde-
pendent of and intermediate the boiler and turbine
exhaust vapor pressures in the engine.

Another object of the invention is to provide a rotary
Rankine cycle engine with turbine driven alternator as
set forth which is constructed and operable to provide
adequate pressurc vapor to properly lubricate the gas
bearings during start-up of the engine prior to genera-
tion of high pressure vapor in the boiler.
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Another object of the invention is to provide a rotary
Rankine cycle engine with internal driven alternator as
set forth comprising a novel magnetic-harmonic drive
arrangement between the alternator and the rotary
engine housing-boiler-condenser unit to rotatably drive
the latter at the designed speed of rotation in a simple,
efficient and quiet manner.

Another object of the invention is to provide a rotary
Rankine cycle engine with internal turbine driven alter-
nator as set forth having means for cooling the alterna-
tor and magnetic-harmonic drive system constructed
and arranged to use the heat rejected by the alternator
and drive system to provide pressure vapor for lubricat-
ing the gas bearings.

Another object of the invention is to provide a rotary
Rankine cycle engine with internal turbine driven alter-
nator that is suitable for portable power applications
and 1s of such simplicity that it can be started with a
hand crank and a match so that no battery-powered
starting system is required.

A further object of the invention is to provide a ro-
tary Rankine cycle engine with internal turbine driven
alternator that is devoid of gears, fans, blowers, fuel
pumps, drive motors, and other noisy devices and
mechanisms that would interfere with the inherent
quietness of a closed Rankine cycle turbine engine.

These and other objects of the invention and the
features and details of the construction and operation
of certain embodiments thereof are hereinafter set
forth and described with reference to the accompany-
ing drawings in which:

FIG. 1 1s a typical sectional view diametrically
through one embodiment of a rotary heat engine pow-
ered electric generating apparatus made in accordance
with the present invention;

FIG. 1a is an enlarged fragmentary view of the inter-
nal turbine and alternator driven thereby, shown in
FIG. 1; |

FIG. 2 is an enlarged sectional view on ling 2—2 of
FIG. 1: -

FIG. 3 is an enlarged. sectional view on line 3—3 of
FIG. 1;

FIG. 4 is an enlarged sectional view on line 4—4 of
FIG. 1;

FIG. 3 is an enlarged sectional view on line 5—5 of
FIG. 1;

FIG. 6 is an enlarged sectional view on line 6—6 of
FI1G. 1;

FIG. 7 is an enlarged schematic view on line 7—7 of
FIG. 1;

FIG. 8 is an enlarged sectional view on line 8—8 of
FIG. 1;

FIG. 9 is a schematic diagram of an alternator circuit
for the embodiment of the invention shown in FIG. 1;

FIG. 10 is a fragmentary end view on line 10—10 of
FIG. 1, and

FIG. 11 is a view similar to FIG. 1 showing an alter-
nate embodiment of the invention.

One embodiment of a rotary closed Rankine cycle
engine powered electric generating apparatus embody-
ing the present invention is shown in FIGS. 1 - 10 of the
drawings and comprises a rotary housing H containing
an annular power fluid boiler B, a power fluid expander
PX and an electric current generating alternator A
driven by the expander. A condenser C for condensing
the expander power fluid is mounted coaxially at one
side of the engine housing H for rotation therewith as a
unit. In this embodiment of the invention a secondary
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~ condenser C’ for the power fluid is coaxially mounted

at the opposite side of the engine housing H for rotation

therewith, and in another embodiment of the invention

shown in FIG. 11 the secondary condenser C’ is elimi-
nated. The power fluid expander PX is driven at a
nredetermined high speed by the pressure power fluid
-generated in the boiler B and in turn drives the alterna-
tor. The rotary housing-boiler-condenser unit is driven
at a predetermined slower speed. The rotary closed
Rankine cycle engine is adapted and de31gned for hlgh
molecular weight power fluids. -
- Referring now to the drawings, and--partleularly to
FIG. 1, the rotary engine housing H comprises a coaxial
- central hub structure 1 provided with a central bore 2
extending axially therein. Extending radially outward
‘from the central hub structure of the housing H is an
“annular wall portion 3 from which there extends axially
a cylindrical wall portion 4 disposed in radially spaced
‘relation to the central hub structure'1 and terminating
at the end thereof opposite the wall 3 in a radial walli
portion 5 having inwardly thereof an ax1ally extendmg
cylindrical wall portlon 6. -

The boiler B is. of tubular construction‘mounted on
the outer cylindrical surface of the housing wall portion
‘4. The construction and operation of the tubular boiler
B and the circumscribing .combustor therefor are de-
scribed in U.S. Pat.:No. 3,850,147 issued Nov. 26,
1974, to which reference may be made and need not be

repeated here.. = = - | '-

Secured by bolts '7a to the radial wall portlon 3 of the
housing H is an end member 7- of generally conical
“configuration having at its'outer-end an axially extend-
- ing shaft portion 8 that is rotatably journalled by means
of ‘a'bearing 9 in a coaxial hub 10 that is fixedly sup-
“ported by a plurality of equally circumferentially
spaced struts 11 within an annular generally conical
end member 12 of an enclosure E for the engine:
A cylindrical casing 15 for the alternator A is se-
cured, for example, by bolts 13 (FIG. 1a) to the central
hub structure 1 of the housing H at the opposite side
thereof from the conical end member 7. At its outer
end the alternator casing 15 terminates in an elongated
axially extending tubular shaft portion 16 that is-rotat-
-ably mounted by means of a bearing 17 in an elongated
-coaxial sleeve portion 18 of an end ring 19 of the en-
gine enclosure E. The end ring 19 is supported by a
plurality of equally circumferentially spaced arcuate
- struts 20 from an annular ring 21 of the engine enclo-
sure E. Mounted in the outer péeripheral portion-of the
end member 12 of the enclosure E and axially spaced
from the ring 21 is an annular ring 22, and the space
between the rings 21 and 22 is substantially closed
“about the rotary engine by a cylindrical closure-mem-
ber 23 having an outlet opening 24 in the upper portion
thereof for the exhaust gases from the condensers and
the boiler combustor. The space between the end ring
19 and ring 21 of the.engine closure E is also closed by
a frustoconical member 25 and the bottom portions of
‘the rings 21 and 22 are fixedly secured to a pair of

parallel runners 26 that form a Skld prevldmg portabrl- 60

1ty for the apparatus.

‘From the foregoing descrlptlen it will be apparent.

10

: 4
their axis at a predetermined speed of rotation calcu-
lated to create the centrifugal force necessary to main-
tain the selected boiler liquid in the axial coil portions
of the boiler tubes uniformly at the same depth circum-
ferentially thereabout with a liquid-vapor-interface x

“that is highly stable and essentially cylindrical and con-

centric with the axis of rotation of the boiler. Essen-
tially the liquid-vapor interface x is disposed at a prede-
termined radius from the rotation axis to provide high
boiling heat fluxes in excess of those obtainable at

- ambient gravity.
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 The expander PX for the power fluid generated in the

‘boiler B is in the form of a single stage turbine compris-

ing a rotor 28 having a series of turbine blades 29 ar-
ranged circumferentially thereabout. The turbine rotor
28 is fixedly secured on one end of a shaft 30 that 1s
mounted for coaxial rotation independently of the ro-
tary housing H and boiler B. Thus the end portion. of
the shaft 30 adjacent the turbine rotor 28 is rotatably
mounted in the bore 2 of the hub structure 1 of the
rotary housing H by means of a gas bearing 32 and the
opposite end portion of said shaft 30 is rotatably
mounted in the outer end wall of the alternator casing
15 by a gas bearing 34. A gas thrust bearing 36 1s also
provided for the adjacent end of the shaft 30. Vapor at
the desired contact pressure is supplied to the gas bear-
ings 32, 34 and 36 as hereinafter described and is main-
tained at the respective gas bearings by means ef seal
rmgs 38 and 40, respectively. BRI

~ The shaft 30 is drilled to provide a coamal bore or

- passage 42 therein, and the otherwise open end of said
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that the erigine housing H including the central hub
structure 1, boiler B and the alternator casing 15 are

retatably mounted by means of the bearings 9 and 17
for rotation as a unit within the stationary .engine enclo-
-sure E. The rotary housing H, boiler B and alternator
housing 15 are adapted to be rotationally driven about

65

bore or passage 42 is closed by a plug 44. Pressure
vapor is supplied to the gas bearing: 32 to lubricate the
same through passages 46 in the hub structure 1 of the
housing and:a portion of the vapor supplied through
said passage 46 flows inwardly through a plurality of
radial ports 48 in the shaft 30 to the passage 42 therein
and then axially through said passage to the. other end .
thereof from which it is discharged through another
series of radlal perts 50 to lubrlcate the: gas bearmgs 34
and 36. - |

- For retatably driving  the turbine rotor 28 there .is
prowded in the hub structure 1 of the housing H a

plurality of circumferentially equally Spaced pressure
fluid nozzles 52 that have their outer ends in communi-

cation with an annular high pressure manifold 54 and
their inner or discharge ends disposed in confronting
relation to the blades 29 of the turbine. High p'ressl:re

vapor:generated in the boiler B is supplied to the mani-

fold 54 through a plurality of circumferentially equally
spaced vapor tubes 56. Thus the high pressure vapor

generated in the boiler B passes inwardly through the

vapor - tubes: 56 to the manifold 54 from which it 1s
discharged inwardly through the turbine nozzles 52 and
against the turbine blades to drive the rotor 28 and the
shaft 30 at the desired speed of rotation. |

An annular diffuser 58 is provided coaxially adjacent
the turbine rotor 28 to receive the exhaust vapor from
the expander and discharge same into the engine power
fluid compartment Y defined by the end member 7 of
the rotary housing H. A portion of the exhaust vapor
discharged from the turbine through the diffuser 58
Into the engme compartment Y enters the condenser C
where ‘it is condensed.- The condenser C comprises a
coaxial array of radially disposed annular fins 60 having
a plurality of circumferentially: equally spaced heat

“exchange tubes 62 extending longitudinally there-

through. The condenser C is mounted at one side of the
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housing H coaxially thereof and secured to-the housing
for rotation therewith as a unit. The condenser tubes 62
have their inner ends secured in- corresponding open-
ings 64 provided in the adjacent peripheral wall portion
of the end mémber 7 of the housing H so that the interi-
ors ‘'of the ‘tubes 62 are ‘in communication with the
interior of'the exhaust- vapor chamber Y ‘of the: housing.
The outer ends of the condenser tubes 62 are mounted
and secured in recesses 66 provided in an annular ring
68 that is disposed coaxially adjacent the endmost of

5

10

the fins 60 and supported from the housing end mem- .
ber 7 by circumferentially equally spaced radial spokes

70. Thus the condenser C, housing H and boiler B are

rotatable as a unit about their common axis. " -
The axial spacing or distance between the adjacent

fins 60 and the ratio of the inner to outer radii‘thereof

15

is critical and the fin spacing is: determmed with:rela~

tion to both the rotational speed at which the unit is
desrgned to be driven and'the kinematic vrscosrty of the
condenser cooling fluid to have a Taylor number’ that is
operable at the fin radii ratio to utilize the' viscous
properti¢s of the coohng fluid and the shear forces
exerted thereon by the rotating fins 60 to convey and
accelerate the coohng fluid splrally outward between
said fins by vrscosrty ‘'shear forces ‘in accordance with
the ‘invention set forth and descrlbed in'U. S Pat No
3,866,668 issued Feb. 18, 1975 | T

‘The exhaust vapor that enters the heat exchange

20

25

tubes 62 is condensed by heat ‘exchange with a cooling

fluid, such as ambient air, dlscharged outwardly be-
‘tween the array of fins 60 as previously described. The
condensadte thus formed in the tubes 62 flows mwardly
from the inner ends thereof and collects in an annular
chamber 71 provided in the housmg H. The condensate
that collects in the chamber 71 is conveyed outwardly
by centrlfugal force generated by rotation of the- hous-
ing-condenser unit through a plurallty of equally ¢irt
cumferentlally spaced passages 72 and conduits 73 and
returned through a preheater P to the boiler B. ™

The portron of the turbine ‘exhaust vapor that does
not enter 'the heat exchange 'tubes 62 of the prlmary
condenser C is caused to flow to the" secondary con-
denser o To this end there is provided inthe housing

central hub structure 1 a plurahty of axially extendmg
c1rcumferent1a]ly spaced passages 74 which have their

outer ends in ‘communication with the exhaust vapor;
.compartment Y -of the engine housmg and their inner
ends disposed ' in confronting alignment with the inner

ends of correspondmgly disposed axially” extendtng
passages 76 formed in the wall of the cylindrical altet-

nator casing 15. The" passages 76 are arranged if pairs

and c1rcumferentrally dtsposed aIternately with axially

extendmg passages 78 as shown m FIG 3 of the draw-— |

ings.
The outer ends of eidch parr of Axial- passages 76

communicate through radial passages 80 ‘with a radially

'_mward annular mamfold 82 that commuriicates

through an ‘annular’ passage 84 wrth an axially adjacent |

_annular mamfold 86 The mner radlus of the mamt‘olds
82 and 86 and the’ mtcr connectmg passage ‘84 'is ‘the

same, but it will be observed that the radiis of the outer
wall of the passage 84 is less than ‘the radius of the outer

walls of the¢ manifold 82 and 86 thereby providing ‘a

wier or dam 90 betwcen sald mamfo]ds dlsposed at'a
predctermmcd radtus from the I'Dtdtl()l’l axls of the
engiric. . , RN

"As in the case of the prtmary condenscr C, the secon-
dary condenser C’ COmprlscs a coaxlal array of radlally

30
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_"structure 1.
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6

dtsposed annular fins 92 having a plurality of circum-
ferentially equally spaced heat exchange tubes 94 ex-
tending longitudinally therethrough The secondary
condenser tubes 94 have their inner ends secured in
corresponding openings 96 provided in the adjacent
end wall of the alternator casing 15 and communicate
with the manifold 86 through axial passages 98. The
outer ends of the secondary condenser tubes 94 are
mounted and secured in recesses provided in an annu-
lar ring 100.- Thus the secondary condenser C’ is
mounted to rotate with the alternator casing 15 and the
housing H, boiler B and condenser C, as a unit.

The purpose of the secondary condenser C' is to
supply liquid for cooling the alternator A and to pro-
vide vapor at constant pressure for the gas bearings 32,
34 and 36. For proper operation it is necessary that the

heat'exchange tubes 94 of the secondary condenser C’

be disposed radially inward of the axial passages 76 and
78 1n the alternator casing 15. The axial ‘spacing or
distance between:the adjacent fins 92 of the secondary
condenser C’ is determined with relation to the rota-
tional speed of the housing-boiler-condenser unit and
the ‘kinematic viscosity of the secondary condenser
coolinig fluid to convey and accelerate said coollng
fluid spirally outward between the fins 92 by vrscoslty
shear: forces as- descrtbed in: connectlon with the prl-
mary condenser C. - SR | |

By virtue of the construction descrlbed ‘the portion
of the turbine exhaust vapor that does not enter the
primary condenser C will flow through the passages.74
and 76, then radially inward through the passages 80 to
the mamfold 82 and thence axially through passages 84
and manifold 86 into the secondary condenser tubes 94
where it is condensed by heat exchange with the cool-
ing fluid, such as ambient air, dlscharged outwardly
between the fins 92 as described. ST

' Vapor condensed in the secondary condenser tubes
94 flows axially inward through said tubes to the annu-
lar manifold-86 and thence outwardly:through a plural-
ity of radial passages 102 and openings 104 to the axi-
ally' extending passages 78 in the alternator. casing 15
previously described. The openings 104 that communi-
cate between 'the radial passages 102 and the casing

passages 78 are of ‘smaller diameter than the latter to
provide therebetween a:weir or dam 106 dlsposed at a

predetermmed tadius from the rotation axis of the
engine. Condensate from the secondary condenser C'
‘that etiters thie passages 78 flows. axially inward there-

__through and then inwardly through radial passages 108
50

to an annular manifold 110. The condensate that flows
through the passages 78.is vaportzed as ‘hereinafter
described and the vapor collects in the manifold 110

from which it is supplied to'the gas bearings 32, 34 and

36 through a plurality of passages 112, tubes 114 and
the previously descrlbed passages 46 In the housmg hub

- The alternator A is of the known mductor or horno-

“polar type comprisinga stator:116 with field and output
windings 118 and 119, respectively, and an armature

120. The stator 116 is ﬁxedly mounted within a cylin-
drical sleeve 122 of magnetic ‘material that is in turn

" fixedly mounted within' the alternator casing 15 so that

65

the said stator 116 and field windings 118 are disposed
‘coaxially of the turbine shaft 30 and rotate with the

alternator casing 15 and the engine housing H as.a unit.

. The'sleeve 122 is spaced from the outer end wall of the

casing 15 by a shorter sleeve 122a of non-magnetic
materlal The: alternator armature 120 is integral witl




the shaft 30 and rotationally driven by'the turbine rotor
~ 28. As shown more clearly in FIG. 8, the alternator
armature 120 :¢omprises a_ pair of diametrically dis-
posed electro-magnetic N poles 124 and a pair of dia-
 metrically disposed electro-magnetic S poles 126, the
pairs of poles being disposed at right angles to each
other and axially spaced apart as shown in FIG. 1q of
the drawings. = - o S N

As previously stated, the rotary engine housing H,

-

boiler B and condensers C.and C' are rotatably driven 10

as a unit at a comparatively slow speed relative to the

high speed of the turbine and shaft 30. In the disclosed

embodiment of the invention the housing-boiler-con-

denser-unit is driven by the high speed turbine shaft 30

through a magnetic-harmonic drive, . although other
drive means such as, for example, an external electric
motor may be employed as desired. In the embodiment
shown, the magnetic-harmonic drive comprises a two
pole permanent magnet rotor 128 that is fixedly se-
cured, as by a key 130, on the turbine shaft 30 for
rotation therewith. As shown in FIG. 4, the two pole
permanent magnet rotor 128 has diametrically dis-

posed N and S poles 132 and 134, respectively.

‘Mounted in the portion 136 of the alternator casing 15
that .circumscribes the two. pole permanent magnet
" rotor 128 is an annular series of a plurality of circum-
ferentially equally spaced radially extending magnetic
‘segments 138 that circumferentially surround the rotor
128 and are. alternately disposed with intervening por-
‘tions 140 of the non-magnetic alternator casing 135.
Closely surrounding - the - non-magnetic alternator
casing 15 in radial alignment with the two-pole perma-
nent magnet rotor 128 and the circumferential series of
magnetic segments 138 is a stationary annular ring
member 141 that is. fixedly supported from the ring 21
of the engine enclosure E by means of a plurality. of
circumferentially equally spaced radial spokes 142.
‘The ring member. 141 is fabricated of magnetic mate-
rial and the inner circumference thereof is-constructed
to provide a plurality of circumferentially equally

3.950,950
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lubrication is required as would be the case with a gear |

transmission. - . S o o
_ The alternator A generates alternating current which
is conducted from the engine housing H through a
conventional slip-ring arrangement comprising a plu-
rality of rotating contacts 146 mounted on the outer
end of the elongated shaft portion 16 of the alternator

‘casing 15 and having electrical contact with the corre-

sponding number of circumscribing brushes 148
mounted .in the sleeve 18 of the stationary ring 19 of
the engine enclosure E. A typical alternator electrical
circuit is illustrated schematically in FIG. 9 of the draw-

ings.

Referrihg to FIG 9of the drawings, three phase_

~alternating_current _gén_er_ated by the alternator A 1is

conducted from the alternator stator output windings

119 through conductors 150 to three of the rotating
contacts 146 and thence through the corresponding

- brushes 148 and conductors 152 to a transformer 154.
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spaced pole tips 144. The magnetic segments 138 in the |

portion 140 of:the alternator casing 15 tend to align
with the pole tips 144 of the stationary ring member
140 to minimize the reluctance of the magnetic flux
path of the two pole permanent magnet rotor 128.
However, there are fewer magnetic segments 138 than
there are. pole tips 144 in the stationary ring 140, so
that as the permanent magnet rotor 128 and shaft 30
are driven by the turbine at high speed, the segments
138 and casing 15 together. with the engine housing H,
boiler B, and condensers C and C' are caused to rotate
in the opposite direction relative to the two pole per-
manent magnet rotor 128 and turbine shaft 30 at a
substantially slower speed. . |

shaft 30 to the alternator casing 15 and engine housing
H is determined by the number of pole tips 144 pro-
vided in the stationary ring member 140 and the differ-
ence between the number of said pole tips 144 and the

number of magnetic segments 138 in the portion 136 of 60 Xagonal N _
“coaxially in the end of the housing shaft portion.

the alternator casing 15. Such a magnetic-harmonic
drive is a simple and efficient arrangement for provid-
" ing the necessary high ratio of speed reduction between
" the turbine and engine housing while simultaneously

providing the necessary torque to rotate the engine 63

housing H and condensers C and C’ at the required
speed. Since there are no contacting parts in the mag-
netic-harmonic drive, there is no noise or wear and no

‘The ratio of speed reductnon' from the fb'tor 128 _atid _
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Conductors 156 conduct the current from the trans-
former 154 to a rectifier 158 which converts the alter-
nating current generated by the alternator A to direct
current. The direct current from the rectifier 158 is
conducted by a pair of conductors 160 to the line con-

‘ductors 162 of a service circuit that includes the main

load terminals 164. The input terminals of a voltage
regulator 166 are connected by a pair of conductors
168 to the aforesaid conductors 160 and the output
terminals of the regulator 166 are connected by con-
ductors 170 to the remaining brushes 148 whereby
current for the field windings 118 for armature magnet-
ization is_supplied through the corresponding rotary
contacts 146 and conductors 172.°

In operation of the engine, it will be apparent at
start-up that there will be no pressure vapor generated
by the boiler B to drive the expander PX, alternator A,
housing H and the condensers C and C'. Consequently
at start-up it is necessary to independently drive ‘the
housing-boiler-condenser unit up to the designed pre-
determined speed of rotation to establish and maintain
the liquid-vapor interface x in the boiler chamber until
the annular body of the power liquid therein is heated
to the temperature required to produce the pressure
vapor to drive the turbine rotor 28 and shaft 30 at the
designed speed. This may be accomplished, for exam-
ple, by means of a detachable hand crank device of the
type shown in FIG. 1 of the drawings. -~~~

'The hand crank device comprises a gear casing 174

which is held by the operator in one hand while he
rotates the crank 176 by‘the other hand. The crank 176

rotatably drives a planetary gear carfier 178 that drives

a plurality of planetary gears 180 around a ring gear
182 thereby causing the sun gear 184 to drive the out-
put shaft 186 at a high speed sufficient to bring the

rotary engine up to its designed starting speed. The

~output shaft 186 of the hand crank device may be tem-

porarily engaged with the engine housing shaft portion

8 for starting purposes by means of a rounded hexago-

nal end portion 188 on said shaft 186 that is engageable
in a corresponding hexagonal socket 190 provided

" Once the rotary engine is brought up to the designed
starting speed, fuel and- air in the proper ratio are sup-
plied to the boiler combustor and ignited in any suit-
able manner. After start-up, operation of the engine
may be automatically controlled by means well known
in the art constructed and operable to control the sup-
ply of fuel and air to the combustor at the rate to main-
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tamn the engine and turbine speed constant and to con-
trol the excitation voltage supplied to the armature
field windings 118 to maintain the alternator output
voltage constant.’ S

In normal operation of the rotary engine shown in
FIGS. 1-10 of the drawings, with the annular body of
liquid in the boiler B heated to the required tempera-
ture and pressure by combustion of the fuel-air mixture
In the combustor, the high pressure vapor generated in
the boiler is discharged inwardly through the tubes 56

to the manifold 54 and thence through the nozzles 52 -

Into impinging contact with the turbine blades 29
thereby driving the turbine rotor 28, shaft 30, alterna-
tor armature 120 and the two pole permanent magnet
rotor 128 at the designed predetermined speed of rota-

tion. Rotation of the two pole permanent magnet rotor

128 operates through the magnetic-harmonic drive
previously described to drive the alternator casing 15,
engine housing H and the condensers C and C’ in the
opposite direction at a predetermined substantially
slower speed of rotation relative to the shaft 30 deter-
mined by the speed reduction ratio of the magnetic-
harmonic drive arrangement as previously set forth.

3,950,950
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The exhaust vapor from the turbine discharges

through the diffuser 58 into the compartment Y of the
engine housing H from which it flows to and enters the
primary condenser C and secondary condenser C’ as

previously described. Apportionment of the exhaust

vapor between the primary condenser C and secondary

condenser C’ is determined by the relative capacities of ‘30

the condensers C and C’ and by the flow restriction of
the axial passages 74 and 76 in the housing hub struc-

a

ture 1 and alternator casing 15, respectively, through

which exhaust vapor
denser C'. | |

The function of the secondary condenser C' is to
supply liquid for cooling the alternator A and the mag-
netic-harmonic drive to the rotary engine and to pro-
vide vapor at constant pressure to the gas bearings 32,
34 and 36. The alternator A and magnetic-harmonic
drive are cooled by liquid condensate from the secon-
dary condenser C' flowing through the axial passages
78 in the alternator casing 15 as previously described.
Pressure vapor for the gas bearings is generated by
vaporizing the liquid condensate in the passages 78

is supplied to the secondary con-

which 1s heated to a boiling temperature by heat from

the alternator field windings 119 and from the eddy
current losses in the magnetic-harmonic drive.

Liguid condensate from the secondary C’ normaily is
maintained in the annular manifold 86 at the level
designated R, determined by the radius of the weir 90
and the liquid condensate normally fills the axial pas-
sages 78 in the alternator casing 15 to the level desig-
‘nated R,. The vapor generated by heating the conden-
sate in the casing passages 78 as described, collects in
the manifold 110 and is supplied to the gas bearings 32,
34 and 36 at a constant pressure which is the sum of the
pressure in the secondary condenser C’ and the pres-
sure developed by the difference between the conden-
sate hiquid levels at R, and R, respectively, under the
influence of the centrifugal forces present at said liquid

levels. The weir 106 normally prevents vaporized con-

densate from returning to the secondary condenser C’
and insurcs that the vapor flows to the aforesaid mani-
fold 110 and thence to the gas'bearings 32, 34 and 36.
In operation, the vapor supplied to the gas bearings is
slowly dissipated through the seal rings 38 and 40,
respectively. If the condensate in the alternator casing
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passages 78 is heated by the alternator cooling load at
a rate that produces vapor faster than required by the
gas bearings 32, 34 and 36, excess vapor will flow back
through the passages 78 and over the weir 106 to the
secondary condenser C’ and condensed again. On the
other hand, if vapor is produced by the alternator cool-
ing load at a rate insufficient to provide the vapor pres-
sure required for the gas bearings, the pressure at the
gas bearings will drop thereby permitting the conden-
sate liquid level R, to move radially inward. When this
occurs, liquid condensate will overflow through a plu-
rality of axial passages 192 in the hub structure 1 and
into elongated annular vaporizing chambers 194
formed circumferentially about each of the high pres-
sure boiler tubes 56 by tubular jackets 196 disposed in
concentric relation about the boiler tubes 56. Thus,
liquid overflowing into and through the axial passages
192 into the vaporizing chambers 194 is exposed to the
high temperature of the walls of the vapor tubes 56 and
will be immediately vaporized thereby to provide the
necessary vapor pressure to the gas bearings for proper
operation and restore the normal liquid level R, in the
manifold 119. In the event that excess condensate col-
lects in the manifold 86 thereby causing the liquid level
R, to move radially inward, the excess condensate will
flow over the weir 90 to the manifold 82 and through
passages 80, 76 and 74 back to the exhaust vapor com-
partment Y of the engine where it collects in the annu-
lar chamber 71 and is returned to the boiler B through
the passages 72, tubes 73 and pre-heater P along with
the condensate from the main condenser C.

During start-up as previously described, it is impor-
tant to provide the required vapor pressure to the gas
bearings to minimize wear. First, the housing-boiler-
condenser unit and the alternator armature-turbine
unit are brought up to starting speed by the hand crank
device previously described. With no supply of pres-
sure vapor, the gas bearing friction will tend to mini--
mize the difference in speed between the housing-boil-
er-condenser unit and’ the alternator-turbine unit.
When the engine has been brought to starting speed the
combustor is ignited. Since at start-up, there will be low
pressure in the gas bearings, the liquid level R, will
move radially inward causing liquid to overflow-
through the passages 192 into the annular vaporizing
chambers 194 surrounding the boiler vapor feed tubes
56. Liquid entering the chambers is heated sufficiently
by the boiler vapor tubes to vaporize the liquid and
supply adequate vapor to the gas bearings long before
the boiler B is generating sufficient vapor pressure to
drive the turbine 28 at the desired speed of rotation.
The reverse situation occurs at shutdown and maintains
adequate pressure in the gas bearings until rotation of
the turbine 28 and shaft 30 has terminated.

A typical example of closed Rankine cycle rotary
engine powered apparatus embodying the construction
shown in FIGS. 1-10 and designed for an output of 7.1
hp at the turbine shaft 30, comprises a boiler B having
a liquid level x diameter of 7.0 inches and an axial
length of 2.5 inches. The diameter of the boiler expan-
der turbine at the blades 29 is of the order of 3.6
inches. The fins 60 of the primary condenser C have an
outer diameter of 9.5 inches and an inner diameter of
6.75 inches. The axial length of the series of condenser
fins 60 is 8.5 inches and the spacing between adjacent
fins is 0.025 inches. There are 40 heat exchange tubes

62 disposed at a radius of 8.125 inches from the rota-

- tion axis of the apparatus.
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“The fins 92 of the secondary condenser C’ have an
outer diameter of 6.0 inches and an mner diameter of
4.25 inches. The axial length of the series of fins 921s
5.0 inches and the spacing between adjacent fins 1s

- 0.023 inches. There are 32 axially extending heat ex-

change tubes 94 disposed at a radius of 5.125 inches
from the rotational axis of the apparatus. The designed
speed of the turbine shaft 30 is 48,000 r.p.m. and the
housing-boiler-condenser. assembly is rotationally
driven at a speed of 3000 r.p.m. by the turbine through

_the magnetrc -harmonic drive as previously described.

Using as the boiler power fluid a mixture of tri-
chlorodlﬂuorobenzenc isomers, as disclosed 'in U.S.

Pat. No. 3 774,393 issued Mar. 27, 1973, the specifica-
-thI‘lS of a typical operation of the desrgned apparatus

are as follows

620.0

~ Boiler temperature. °F
" " Boiler pressure, psia - 149.0
- Boiler.heat load, 103 Btu/hr 104.4
- Power fluid flow rate, Ib/sec | 0.172
~ Condenser temperature, °F 1243.0
- Condenser pressure, psia - - 1.0
Combined condenser heat load. 10‘ Btu/hr 90.0
. Rankine cycle efhcteru,y 0.246
- ‘Alternator power output, kw 3.6
- Magnetic-harmonic drive. torque, ft-ibs 1.6

Whlle in most 1nstallat10ns of apparatus embodymg

.__the present invention it will be preferred to provide
‘both a primary, and a secondary condenser C and C’ as
'prevrously descrtbed in some instances it may be possi-

ble to eliminate the secondary condenser and combine
the functrons of both primary and secondary ¢ondens-

ersin a stngle condenser One embodiment of such an

apparatus hawng a stngle condenser is shown in FIG.

11 of the drawmgs

Reterrtng to FIG. 11, except for certain dlfferences

.heretnaftcr set forth, the construction and operation of

the rotary housing H', boiler B’, expander PX’, con-

~ denser C,, alternator A’ and magnetic-harmonic drive,

arc essentially the same as the correspondrng parts

_descnbed n the embodlmcnt shown in FIGS 1-10, and

need not be repeated The prrncrpal drfference in the
embodiment of FIG. 11 from that prevrously described

is that the alternator A’ is cooled and pressurc vapor.
- supplicd for the gas bearings 32', 34’ and 36’, by a

portion of the exhaust power fluid discharged from the

g expander PX' to the enginc compartment Y’ and con-

denscd in the single condenscr C..

Condensate from the heat exchange tubes 62’ col-
lects in an annular chamber 71’ provided in the engmc
housing H' and the major portion of the condensate is
returned directly to the boiler B’ through conduits 73
as previously described. The remaining portion of the

‘condensate collecting in the chamber 71’ is utilized to

cool the alternator A’ and supply pressurc vapor for the
gas bearrngs as previously stated. |

. This i1s accomplished by provldtng in the altcrnator
casing 15’
spaced axially extending passages 78’ that arc closed at-

their outer ends-and have their inner ends open to an
annular manitold 110’ to which liquid condensate is

a plurality of equally . circumferentially

supplicd from:-the chamber 71" through two or more
circumferentially equally spaced passages 74" formed
in the-housing hub structurc 1'. The axially extending

 passages 78’ in the LdSing 18" arc drsposed at a greater

radius from the engince rotatmg axis than the condcnscr

| tubes 62’.
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The alternator A’ and magnetic-harmonic drive are |

“cooled by the quurd condensate in the passages 78’ in

the:alternator casing 15" and pressure vapor for the gas
bearmgs is generated by vaporlzlng the liquid conden-
sate in said passages 78’ which is heated to boiling

_temperature by heat from the alternator windings and

from the eddy current losses in the magnetic;harmonic
drive. Vapor produced in-passageways 78" collects in
manifold 110’ and flows through passages 112’, tubes
114’ and passages 46’ to the gas bearings as previously
described. The pressure of the vapor delivered to the

gas bearings is the sum of the pressure in condenser C,

-and the pressure developed by the difference of the

15

20

condensate liquid legs at R, and R,, respectively, under

the in'ﬂuence (jf th'e centrifugal ’forces present at R, and

1t rnsufﬁment vapor is. produced in passageways 78’,

:-the pressure around the gas bearlngs will drop thereby

permitting the quuld level at R, to move radially in-
ward. Liquid will then flow through passages 192" to

the ‘annular vaporizing chambers 194’ between the

~ boiler feed tubes 56’ and the boiler feed tube jackets
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196'. Liquid exposed to the high temperature walls of
boiler feed tubes 56’ will be immediately vaporized to
provide the necessary vapor pressure for the gas bear-
ings and return the liquid to its original level R.. If the

heat from the alternator A’ and the magnetic-harmonic
drive system produce more vapor in passageways 78’

than can be used by the gas bearings, the liquid level at
R‘3 will move radlally outward until the excess. vapor
escapes. back through manifold 110’ and passages 74’
to the condenser Cs. The manifold 110’ and passages
78’ are constructéd to provide a capacity for as much
liquid as is required to supply the necessary vapor to
the gas bearings 32, 34’ and 36’ with the balance ot
the condensate from condenser being returned directly
to the boiler B’ as described. Any vapor or liquid that
collects in the alternator casing is vented through pas-
sageways 198’ to the engine compartment Y'.
From the foregomg it will be observed that the pre-

sent invention provides novel rotary closed Rankine

cycle engine turbinc powered electric generating appa-
ratus comprising a turbine driven altcrnator that em-
bodies high speed gas bearings for the turbine and
alternator and means for supplying a portion of the
engine power fluid vapor at a constant low pressure to
lubricate the high speed gas bearings. The apparatus
does not requrre 1 mechanical drive from the turbine to
the rotary engine or a liquid lubrication system. The gas
bearings and lubrication thereof together with the mag-
netic-harmonic drive from the turbine shaft to the ro-
tary engine provide a simple and efficient apparatus
that is devoid of gear, fans, blowers pumps, drive mo-
tors and other noisy mechanisms that -would interfere

with the quiet operatlon normally 1nher<.nt In a closcd

60)

65

Rankine cycle turbine engine.

While certain embodiments. of the mventlon have
been illustrated and described, it is not intended to
limit the invention to such embodiments, and it is con-
templated that changes and modifications may be made

“and incorporated as desired or requrrcd wrthm the

scope of the following claims.
We claim:
1. Rotary closcd Rankmc cycle engrnc pOW cred elec-

tric gencratmg apparatus comprising:
‘a housing mounted for rotation about an axis and
mcludmg an internal innular coaxral power fluid
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~ boiler operable for generatmg pressure power ﬂmd
vapor | | | Com e g T

'a power fluid expander in said housing mcludmg a’
coaxlal driving membcr and-shaft rotatably driven-
“at a first’ predetermined Speed by the-* power flu1d >
generated in the boiler, « "~ B

condenser means rotatable w:th the housmg for con-

~ densing the exhaust power ﬂmd vapor from the

- expander, - * S R

an alternator mounted coaxlally in the housmg hav—- 10

ing the stator thereof rotatable with- sald housmg
“and the armature thereof on said shaft; - :*

gas bearmgs rotatably eupportmg the power ﬂllld
driving member and ehaft S R

'means for conductmg a portlon of the power fluld 15
 condensatc from the condénser i méans'in heat'ex-
N change relation ‘with the alternator to’ cool the -
* same and be vaporlzed by heat exchange thergwith:
- to provlde low pressure power fluid- vapor for Iubn--

’catlng the gas bearmgg A e 20

means for conducting theé’ low pressure vapor to ‘;ald
gas bearlngs . Piloe .' P +-

means for returnmg the othéi portlon of the power |

,, ﬂllld condensate from the condenser means dl-

| rectly to the boiler,” 1 T G LS 25

dnve means to rotatlonally ‘drive *;ald hous'lng and’

‘ _condenser means at a's¢cond predetermmed speed
slower than said first speed operablé to nraintain

| ."‘the hquld power fluid- in"the boiler umformly dis-

tributed clrcumferentlally therein with.4 liquid/va:' 30

- por 1nterface dlsposed at'a predetermlned radlue"
' from the rotation axis of the boiler; " ~** * £ -
and means for conducting the elettic current gener-—"' |

ated by the alternator to a load located exteriorly

of the apparatus. 35

2. Apparatus as claimed in claim 1 wherein the
means for conducting a portion of the power fluid con-
densate in heat exchange relation with the alternator is
constructed and operable to establish and maintain said
condensate between a first liquid level adjacent the 40
- condenser means and a second liquid level in said alter-
nator, the second liquid level being at a grcater radius
from the rotation axis than the first liquid level,
whereby low pressure power fluid vapor is supplied to
the gas bearings at a constant pressurc equal to the sum . 43
of the pressure in the condenser means and the pres-
surc differential betwcen the first and second liquid
levels developed by the centrifugal force generated at

said liquid levels by rotation of the housing-condenser
means. 50

3. Apparatus as claimed in claim 1 wherein the con-
denser means comprises a primary condenser and a
secondary condenser.

4. Apparatus as claimed in claim 3 wherein the por-
tion of the power fluid condensate conducted in heat 35
exchange relation with the alternator is condensed in
the secondary condenser.

S. Apparatus as claimed in claim 4 whercin the pri-
mary and secondary condensers are mounted coaxially |
at respectively opposite sides of the housing and rotate 69
therewith as a unit.

6. Appamtue as claimed in claim 2 wherein the con-
‘denser means comprises a. primary condenser and a
secondary condenser. |

7. Apparatus as claimed in claim 6 whercin the por- 65
tion of the power fluid condensate conducted in heat
exchange relation with the alternator is condensed in
the secondary condenser.

- 14
8. Apparatus as claimed in_claim 7 wherein the pri-
mary and secondary condensers are. mounted coaxially

“at respectively opposite sides of the housmg and rotate
therewith as a unit.

9. Apparatus as. clalmed in clalm 1 whereln the drwe:

‘means.to. rotatlonally drwe the housmg and condenser

means. comprises:a magncttc-harmomc drwe from the
expander shaft to the housing.

‘10. Apparatus as. claimed in claim 9 ‘wherein the*
magnetlc -harmonic drive means for the houemg com-
prises a two-pole permanent magnet rotor on the ex-
pander shaft cooperable with an annular circumscrib-
mg series of magnetic elements rotatable with the hous-
ing and a stationary ring member of magnetic matenal
cncumscrlbmg said, series of magnetic elements, said -
rng member havmg on the nner circumference
thereof an annular series of pole tlps disposed in COOp- |
eratwe relatlon to said magnetic elements and the num- -
ber of said magnetic elements’ bemg less than thc num- |

ber of said pole tips.

11 Apparatus as clalmed in claim 1' wherein the
condenser means comprises a single condenser. |

12 Apparatus as claimed in claim 11" wherein the
smgle condenser is mounted coax1ally at'one SIde of the
housmg and rotates therewith as a unit. - |

13. Apparatns as claimed in claim 2 wherem the
condeneer means compnses a single condeénser. ..

14. Apparatus as claimed in-claim 13 wherem the
smgle condenser is‘mounted coaxially at one slde of the
housing and rotates therewith as a unit. o0

15. ‘Apparatus ‘as claimed - in*claim. 2 whercm the
drive ineans to rotationally drive the housing:and con-
dénser means’ comprises- a ""ma'gnetic'-harmonicr drive
from the expander shaft to the housing. . L

16. Apparatus as claimed in claim 15 wherem thc
magnctic-harmonic drive means for the housing com-
prises a two-pole permanent magnet rotor on the ex-
pander shaft cooperable with an annular circumscrib-
Ing serics of magnetic elements rotatable with the hous-
ing and a stationary ring member of magnctic matcrial
circumscribing said series of magnetic elements, said
ring member having on the inner circumference
thercof an annular series of pole tips disposed in coop-
erative relation to said magnetic elements and the num-
ber of said magnectic elements being less than the num-
ber of said polc tips.

17. Apparatus as claimed in claim 15 whercin the
condenscr means compriscs a primary condenser and a
sccondary condenscr.

18. Apparatus as claimed in claim 17 whercin the
portion of the power fluid condensate conducted in
heat exchange relation with the alternator 1s condensed
in the seccondary condensecr.

19. Apparatus as claimed in claim 18 wherein the
primary and sccondary condenscrs arc mounted coaxi-
ally at respectively opposite sides of the housing and
rotate therewith as a unit.

20. Apparatus as claimed in claim 15 whercin the
condenser means comprises a single condenser.

21. Apparatus as claimed in claim 20 wherein the
single condenser is mounted coaxially at one side of the
housing and rotates therewith as a unit. |

22. Apparatus as claimed in claim 8 wherein the
drive mcans to rotatlonally drive the housing and con-
denser means comprises a magnetic-harmonic drive
from the expander shaft to the housing.

23. Apparatus as claimed in claim 22 wherein the
magnctic-harmonic drive means for the housing com.
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prises a two- pole permanent magnet rotor:-on the ex-

pander shaft:-cooperable with an annular circumscrib- -

mg series of-agnetic elements rotatable with the hous-
ing and a stationary rmg member of magnetic material .
crrcumscnbmg said series of magnettcf elements, said

ring member havmg on the inner circumference.:

thereof an annular series of pole- tips disposed in coop--
erative relation to said magnetic ¢lements and the num--

ber of said’ magnetlc elements bemg less than the num-
ber of sald pole tlpS - : e ,

..1'|

magnetlc harmonrc drwe means for the housmg com-

prises a two-pole pérmanent magnet rotor on the ex-
pander shaft cooperable with an annular circumscrib--

| mg series of magnetic élements rotatable with the hous-
ing and a stattonary rmg member of magnetic material
| clrcumscrlbmg said series of magnetlc elements, ‘said

ring member havmg on - the inner c1rcumference'-'

- 10
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26.. Apparatus as clalmed in claim 4 wherein: the
primary and secondary condensers each comprise co-
axially disposed axially spaced annular fins having heat

“exchange tubes extending longrtudrnally therethrough
“and, the. speed at which the condensers are rotatably

driven is operable to cause a gaseous. heat exchange
fluid to be conveyed and accelerated by viscosity shear
forces outwardly between the fins of said condensers to
the velocity providing optimum heat exchange between
said gaseous fluid and. the fluid in the heat exchange
tubes of said condensers -

217. Apparatus as claimed in claim 2 wherein the

condenser means comprises coaxially disposed axially

15 ;

thereof an annular series of pole tlpS drsposed n coop-— 20

erative relation to said magnetic elements and the num=
ber of said magnettc elements belng less than the num-
ber of said pole. tips..

25 Apparatus as- clatmed in claim 1 wherem the
condenser means compnses coaxially dlSposed axlally

Spaced annular fins having heat exchange. tubes extend- -

ing longltudmally therethrough and the Speed at which
the condenser:means. 1s. ratatably driven is’ operable to
“cause -a,{gaseous. heat .exchange fluid to be conveyed
and accelerated: by viscosity. shear forces outwardly

25
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between:the.fins of said condenser means to the veloc-- -

ity providing. optimum heat -exchange between said
gaseous fluid .and the fluid in the heat exchange tubes
of said condenser means. .

LT u
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spaced annular fins having heat exchange tubes extend-

- ing longitudinally therethrough and the speed at which

the condenser means is rotatably driven is operable to
cause a gaseous.heat exchange fluid to be conveyed
and accelerated by viscosity shear forces outwardly
between the' ﬁns of said condenser means to the veloc-
ity providing optlmum heat exchange between said
gaseous fluid and the fluid in the heat exchange tubes
of said condenser means. |

. 28., Apparatus as clarmed in claim 8 wherem the
primary and secondary condensers each comprise co-
axially disposed axially spaced annular fins having heat
exchange tubes extending longltudmally therethrough
and the speed at which the condensers are rotatably

drwen 1S operable to cause a gaseous heat exchange

fluid to be conveyed and accelerated by vrscosrty shear

forces outwardly between the fins of said condénsers to
the velocrty prowdlng optlmum heat exchange between
said gaseous fluid and the flurd m the heat exchange

tubes of said condensers | |
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